Monthly Radiation (kWh/m?{day)

Variability of Latitude Fixed-Tilt Radiation

Boston, MA

WBAN NO. 14739

LATITUDE: 42.37° N

J[ LONGITUDE: 71.03° W
ELEVATION: 5 meters
MEAN PRESSURE: 1015 millibars
STATION TYPE: Primary
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (*) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 1.9 257 < i 4.7 5.6 6.1 6.1 54 4.3 3.0 1.9 15 39
Min/Max | 1522 2.2/3.3 32/44 | 40/54 48/64 53/7.0| 52/66 4.8/60 3.947| 2.7/35 1522 12/18 |3.7/4.1
Latitude -15 | Average | 3.0 3.8 4.6 52 57 6.0 6.0 57 5.0 4.1 2.8 25 4.5
Min/Max | 2.2/3.7 2.8/50 3.7/5.6 | 43/60 48/6.6 5.2/69 | 52/6.6 5.0/65 45/57 | 3.5148 21/35 1731|4248
T atieiide Average 34 42 4.7 5.0 5.3 5.5 5.6 5.3 5.1 43 3.1 2.9 4.6
Min/Max | 2.5/4.3 3.0/55 3.8/58 | 41/59 4.6/62 4.7/64 | 48/6.1 48/62 4558 | 3751 2340 19736 |42/49
Liatieads #i5 Average 3.6 4.3 4.6 4.7 47 4.8 4.9 5.0 4.9 4.4 3.3 31 44
Min/Max | 2.6/4.6 3.0/58 3.7/58 | 3.8/55 4.1/55 4.1)55 | 43/53 44/57 43/55| 37/52 24/42 2.0/39 | 4.0/47
90 Average | 34 3.9 A7 3.1 2.8 2.6 2.8 8:1 35 3.6 3.0 2.9 i)
Min/Max | 2.4/45 2.6/53 2.8/49 | 26/3.7 2532 2429 2530 2835 3.1/40| 3043 21/3.8 1838|2935

Solar Radiation

for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty 9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 27 38 Shil. 6.2 21 T 7.7 7.0 ) 4.2 2.6 22 i
Min/Max | 2.0/35 2851 39/6.2|50/74 57/86 64/9.2| 6.1/88 5880 50/67| 3.5/50 2.0/33 1527 |48/55
t stttde <15 Average 3.6 4.7 57 6.5 73 Y 7.8 3 6.3 5.0 34 2.9 3.7
Min/Max | 2.6/4.6 3.2/6.3 4.3/7.1 | 52/7.9 58/88 6.3/93 | 6.2/89 6.1/84 55/74 | 4.1/6.0 24/43 19/37]52/6.1
Erlituds Average 3.9 5.0 59 63 i} 7.4 75 7:1 6.4 D2 3.6 32 <
: Min/Max | 2.8/50 3.4/6.8 44/7.3 | 5.1/7.8 56/85 6.1/89 | 59/86 59/83 55/75 | 43/63 2647 20/4.1 |52/62
Latifide +15 Average 4.1 - 5.8 6.2 6.6 6.9 7.0 6.8 6.2 52 3] 34 5.6
“ | Min/Max | 2.9/53 3470 43/73|49/75 52/80 56/83| 5580 5.6/79 54/7.3| 43/63 2648 2.1/44 |5.0/6.1
. Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
A is Average 4.1 pradl 50 6.0 74 18 58 3 0.4 T 3.8 34 30
Min/Max | 2.9/53 34/70 44/73|52/79 5889 6595]| 63/9.1 6.1/85 56/7.5| 43/63 26/49 21/44 | 54/64
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty £8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
I-Axis, E-W | Average 24 20 2.8 2.9 32 3.5 35 33 3] 2.8 28 2.1 2.9
Horiz Axis Min/Max | 1.6/3.1 1.5/4.2 1,9/3.6 | 1,940 20144 2547 | 23/45 2242 2539 | 2.1/36 133.1 10/28 | 24/32
1-Axis, N-S | Average L7 23 3.1 3.7 42 4.5 4.6 42 36 27 1.6 13 :
Horiz Axis | Min/Max | 1.0/2.1  1.3/3.6 2.0/3.9 | 2.5/5.0 2.6/58 3.2/6.1 | 28/59 2.8/53 28/46( 20/34 0523 06/1.8|2.7/34
1-Axis, N-§5 | Average 2.6 32 3.7 4.0 4.2 4.3 44 4.3 4.1 35 24 22 3.6
Tilt=Latitude | Min/Max | 1.7/3.4 1.7/50 25/48 | 2.6/54 2.6/57 3.0/58 | 2.7/57 2955 33/53| 2.6/44 14/34 10729 |3.0/39
o A%y Average 28 3.3 3.7 4.0 4.4 4.7 4.7 45 4.1 33 a3 253 3.7
3 Min/Max | 1.8/3.6 1.8/51 2548 27/55 27/60 33/63| 29/6.1 3.0/57 33/53| 2.7/45 1.5/3.6 1.1/32 [ 3.2/4.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.9 -0.9 57 8.9 14.6 19.8 231 232 18.2 12.7 74 0.9 10.7
Daily Minimum Temp -5.8 -5.0 0.4 4.6 9.9 is:1 18.4 17.8 13.8 8.3 33 -2.9 6.4
Daily Maximum Temp 2.1 31 T 13.3 192 24.6 £ 00 26.6 327 17.1 112 4.7 15.0
Record Minimum Temp -24.4 -20.0 -14.4 8.9 g Tk 10.0 83 33 -22 94 -21.7 -24.4
Record Maximum Temp | 17.2 211 272 344 35.0 37.8 389 389 378 322 25.6 228 38.9
HDD, Base 18.3°C 627 540 454 282 123 18 0 3 40 178 328 541 3134
CDD, Base 18.3°C 0 0 0 0 6 63 147 122 37 3 0 0 377
Relative Humidity (%) 62 62 63 63 67 68 68 71 72 68 67 65 67
Wind Speed (m/s) 6.2 6.1 6.1 5.9 55 5.1 4.9 4.8 5.1 54 58 6.1 5.6
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Worchester, MA

WBAN NO. 94746

Variability of Latitude Fixed-Tilt Radiation
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?3/day), Uncertainty +11%
Tilt (°) Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year
0 Average 1:9 2.8 38 47 35 6.0 5.9 52 42 3.0 19 15 3.9
Min/Max | 1.6/22 22/34 3.0/43 | 40/54 46/64 50/68 | 53/6.6 4.6/59 3747 | 2.7/3.5 1.5/2.1 1.3/1.8 | 3.7/4.0
T ititide 1% Average 3.0 3.8 4.6 51 55 5.8 5.9 5.6 49 4.0 2.8 24 43
P < | Min/Max | 2.4/3.5 29/50 35/54 | 42/6.0 46/6.6 49/6.8| 52/6.6 48/6.4 42/57| 3549 2.0/3.2 1830 | 42/47
Totitnde Average 34 42 4.8 5.0 32 5.4 5.5 53 g 43 3.0 2.8 45
Min/Max | 2.7/4.1  3.1/5.6 3.5/57 | 4.1/59 4.3/6.2 4.5/6.2 | 4.8/6.1 4.6/62 42/57 | 3.6/53 22/3.6 2.0/35| 4247
T atitude 15 Average 3.6 44 4.7 4.6 4.6 4.6 4.8 4.8 4.7 43 32 3.0 43
Min/Max | 2.8/44 3.2/59 34/57 | 3.8/55 3.8/55 39/54 | 42/53 4.2/56 4.0/55| 3.653 2.3/3.8 21/3.8 | 4.0/45
90 Average 35 4.0 3.8 3l =7 2.6 2.7 3.0 34 35 2.9 2.8 3.2
Min/Max | 27/43 2.8/55 2.6/49 | 25/36 23/32 23/29 | 2529 2735 28/40| 2944 2035 2.0/3.7 ] 3.0[34
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day). Uncertainty +11%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 27 39 51 6.1 6.9 2.5 7 6.8 5.6 4.1 2.6 2 5.1
Min/Max | 2.2/3.3 3.0/52 3.79/6.1 | 47/74 54/84 59/89 | 63/87 579 47/65 | 3.5/5.1 1.9/3.0 1.6/2.7 | 4.8/5.4
Titehide 215 Average 3 4.7 5.7 6.4 7.0 7.5 7.6 7.1 6.2 4.9 32 2.9 5.6
Min/Max | 2.8/4.3 3.5/64 4.1/69 | 49/80 55/86 5889 | 6388 5884 51/73 | 41/6.1 23/38 2.0/37 | 52/59
Tatitids Average 39 5.0 5.5 6.4 6.8 7.2 o 6.9 6.2 ol 85 3.1 5.6
£ Min/Max | 3.0/4.8 3.6/68 4.1/7.1 | 48/79 5384 56/86 | 6.1/85 57/82 5173 | 42/64 2542 2241 | 52/6.0
TatidE 18 Average 4.1 a3l 5.8 6.1 6.4 6.7 6.8 6.6 6.0 = A 3.6 33 b T
Min/Max | 3.2/50 3.7/70 4.0/7.1|4.6/7.6 4979 5280 5779 5478 4972 | 42/65 2543 23/43]|5.1/5.8
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
TARE Average 4.1 vl 3.8 6.5 ol Tl 7 7.1 6.2 5.2 3.6 34 58
Min/Max | 3.2/5.1 3.7/7.0 4.1/7.1 | 49/8.0 5.6/87 6.0/9.1 6.5/89 5.9/84 5.1/7.3 | 42/65 25/43 23/44 | 54/62
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty =11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 22 25 2.6 2.8 30 3.3 33 3.1 2.9 Zil 2.0 105 2.7
Horiz Axis Min/Max | 1.5/29 1.6/39 L.7/34 | 1.7/3.9 1943 19/44 | 2.3/44 21441 2038 | 1938 1.1/27 0927 | 2.3/30
1-Axis, N-S | Average 15 22 19 K 39 43 43 4.0 34 25 1.4 1.2 259
Horiz Axis Min/Max | 1.0/20 1.4/34 1.8/3.7 | 2.0/50 25/55 25/57 | 3.0/57 28/53 23/44 | 1836 0820 0.6/1.7 | 2.6/32
1-Axis, N-S | Average 24 3.0 35 3.8 38 4.1 4.1 a4 39 3.3 B, 2.0 33
Tilt=Latitude | Min/Max | 1.6/3.2 2.0/4.6 2.2/45 | 22/54 25/54 24/54| 29/55 2854 2751 | 2446 1330 1028 | 29/37
% kge Average 2.6 L 35 3.8 4.1 4.4 4.5 42 39 34 23 21 3.5
’ Min/Max 1734 20/48 22/45 )| 23/54 2.6/57 2.6/58 | 3.1/59 2956 27/5.1 24/4.7 13/3.1 1.0/3.1 | 3.0/3.9
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -5.1 4.0 0.9 6.9 13.] 17.9 20.9 20.0 157 10.0 4,1 2.6 8.2
Daily Minimum Temp 9.4 -8.6 -3.9 1.3 7.3 12.2 15.6 14.8 10.3 4.7 -0.4 -6.6 3l
Daily Maximum Temp -0.7 0.6 5.8 123 18.8 23.6 26.3 252 20.9 153 8.6 1.5 13.2
Record Minimum Temp | -28.3 244 200 | =117 =22 22 6.1 53 -1.1 -6.7 -144 250 | -283
Record Maximum Temp | 15.6 194 27.2 32.8 333 34.4 35.6 356 32.8 294 25.6 211 35.6
HDD, Base 18.3°C 727 626 539 343 167 38 3 14 87 258 427 648 3877
CDD, Base 18.3°C 0 0 0 0 3 25 84 66 T 0 0 0 185
Relative Humidity (%) 65 64 63 60 64 69 70 T3 74 69 70 70 68
Wind Speed (m/s) 4.9 4.8 4.8 4.6 4.1 3.8 35 34 3.6 4.0 4.5 4.6 4.2
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